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qqq Hcéres presentation: THEORY

THEORY
is everywhere!

1. Mathematical physics
2. Cosmology & gravitation
3. Higgs sector & physics beyond

the Standard Model (BSM)
4. Quantum chromodynamics

(QCD) and flavour physics
5. Nuclear physics
6. Statistical physics
7. Interface physics - life sciences
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qqq THEORY: review of the past 5 years

Theory — Human resources

June 2018: 39 permanent scientists (24 CNRS, 15 University)

During 2013-2018: 12 emeritus PR/DR, 31 postdocs, 120 internships,
58 PhD students (incl. joint supervision with other universities),
of which 37 have defended, so 21 remain in June 2018.

Evolution of permanent theorists LPT & IPN:

Huge number of retirements in past years,
that have not been compensated by more re-
cruitments. There will be 6 more retirements
in the next five years.
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qqq THEORY: review of the past 5 years

Theory — a few more numbers for the past 5 years

Publications: 840 (refereed journals)

Conferences: 150 co-organized (65 as primary organizers)
also: weekly seminars, journal clubs, colloquia

Prizes: 7 (for permanent members)

Grants: 1 ERC, 2 ITN, 3 ANR, Labex (7 partial postdoc/PhD + small grants),
many international bilateral EU/CNRS contracts (RISE, TWINNING,
ECOS, PHC, PICS, . . . ),
other small CNRS/regional grants (PNCG, PEPS, GEFLUC, DIM, . . . )

Collaborators: many, all over the world (> 30 countries)

Teaching: 15 University staff (+ some CNRS) teach at all levels: L1-3, M1-2, ED
also: responsability & development of major courses & specializations
(e.g. in L3-M1 Magistère de Physique Fonda., M1 General Physics,
M2 Physique et Systèmes Biologiques, Agrégation de Physique)

Outreach: popular science books/articles, blog, websites,
newspaper/radio interviews, debates general public,
MOOCs, high school science for disabled pupils,
AIMS-Senegal, computer codes

!1

HISTOIRES 
DE TEMPS
de la 
nature 
du temps 
et de sa 
mesure

Yann Mambrini
Directeur de recherche au CNRS
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qqq 1. Mathematical physics

Mathematical physics — list of research topics:

Quantum spaces, structures and related field theories:
QFT on quantum space-times, causality structures and

renormalization properties

Quantum groups and their representation theory, integrability:
quantum affine algebras, quantum toroidal algebras and their

representations

Random tensors / quantum gravity:
the tensor track approach to quantum gravity

Weinberg’s asymptotic safety scenario for quantum gravity,
studied by functional renormalization group methods

NGFP

G

GFP

Σ IR

Λ > 0Λ < 0q q q q q q q q
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qqq 1. Mathematical physics

Highlight: random tensor models

Matrix models: long history, many applications, e.g. way
to sum over surfaces⇒ they define quantum gravity in 2D.
Large-N expansion is topological.

Tensor models: natural generalization to higher rank, way to sum over higher
dimensional manifolds ⇒ possible approach to quantum gravity.

Not much progress for 20 years due to lack of large-N expansion, until:

Our group established the large-N expansion for non-symmetric models in 2011.

In 2016: unexpected connection between tensor models and holographic model
of black holes highlighted by Witten, increasing general interest in tensor
models, and reviving question of large-N limit for symmetric tensors.

Our group obtained the large-N limit for symmetric-traceless tensor models in 2017.q q q q q q q q
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qqq 1. Mathematical physics

Mathematical physics — Outlook / plans:

Summary: further pursue and expand the current research activities.
A few particular highlights:

Field theories on 3+1-dimensional κ-Minkowski quantum space: recent
breakthrough in our group will finally allow studying of renormalization and
causality properties + identifying observable consequences of their invariances.

Quantum toroidal algebras: classifying their quasi-finite representations, with
consequences e.g. for study of integrable systems and for solving quantum
many-body systems (algebraic Bethe ansatz).

Applications of random tensors: further progress towards theory of quantum
gravity, but also in:

Already started: statistical mechanics, condensed matter and turbulence.
Next: big data analysis, artificial intelligence, image and video analysis.
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qqq 2. Cosmology & gravitation

Cosmology & gravitation — list of research topics:

Modifications of gravity: construction/investigation of
theories/models to explain acceleration of universe (cur-
rent/inflation), consistency with local tests of GR.

⇒

Classical & quantum aspects of black holes: solutions and their
stability in higher dimensions/modified gravity, Hawking radiation
emitted by analogue black holes in condensed matter experiments

Primordial universe: multiple-field inflation, non-linear cos-
mological fluctuations.

−300 −200 −100 0 100 200 300
µKcmb

Cosmic microwave background (CMB): estimator develop-
ment, non-Gaussianities, Planck satellite.

Dark matter: models for production in the early universe,
influence on process of reheating after inflation.q q q q q q q q
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qqq 2. Cosmology & gravitation

Highlight: Constraints on inflationary non-Gaussianities using
CMB data

Linear treatment of cosmological density fluctuations produced during inflation ⇒ Gaussian

distribution ⇒ CMB power spectrum contains all information.

However, certain inflation models, e.g. with multiple scalar fields, produce significant
non-linear corrections:
ΦNL = ΦL + fNLΦ2

L ⇒〈ΦΦΦ〉 ∼ fNL〈Φ2
L〉2 ⇒ non-Gaussianities, non-zero bispectrum.

We developed an estimator to determine these fNL parameters and applied it to the
CMB data of the Planck satellite (→ see Astroparticles & Cosmology presentation), constraining
these inflation models.
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qqq 2. Cosmology & gravitation

Cosmology & gravitation — Outlook / plans:

Summary: further pursue and expand the current research activities.
A few particular highlights:

Modified gravity: study impact of current and future gravitational
wave detections by working out theoretical predictions for
observables.

Analogue gravity: set up more experimental collaborations to
investigate analogues of Hawking effect and of preheating phase
after inflation in condensed matter systems.

CMB/large-scale structure: prepare for future CMB experiments
after Planck (space + ground) and branch out to non-Gaussianity
research for galaxy surveys.

Dark matter: study dependence on inflationary models of dark
matter production and signatures.
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qqq 3. Higgs sector & physics beyond the Standard Model

Higgs sector & physics BSM — list of research topics:

Collider physics

Properties of the Standard Model Higgs boson
Effective field theory (EFT) approach to physics BSM

Neutrino physics, dark matter searches

Scenarios with sterile neutrinos: leptogenesis, dark matter
Dark matter detection in SO(10) unified models and supergravity

Specific scenarios of physics BSM

Study of supergravity at high energies
Exploring the parameter space of NMSSM and of 2HDM
Phenomenology in theories with (warped) extra dimensions
Scenarios with low energy leptoquarks

New physics through precision measurements at low energies
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qqq 3. Higgs sector & physics beyond the Standard Model

Highlight: Figuring out LHC Higgs and Higgs-portal dark matter

cHD cH  cuH 100⨯(cHG cHW cHB cHWB)
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LHC Higgs (Jan'19)

Effective field theory framework

• LSMEFT ⊃ LSM +
∑
i

ci O(d=6)
i

• Combining various experimental con-
straints to probe ci 6= 0 [ci ∝ 1/Λ2

NP]

• Constraints on dark matter mass and
its coupling to SM Higgs (portal)
• Cases of DM particles being scalars,
fermions or vector bosons
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qqq 3. Higgs sector & physics beyond the Standard Model

Highlight: Baryon asymmetry of the universe (BAU) via testable
leptogenesis

Scenario: SM + 3 νR (Mi < ΛEW)
explains neutrino masses, lepton mixing (PMNS) and BAU

Sterile/active ν-mixing parameter for viable BAU as a function of mass of νR

Gray region excluded by experiment

Collider experiments help

NO = Normal ordering of light neutrino masses (IO = Inverted ordering)q q q q q q q q
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qqq 3. Higgs sector & physics beyond the Standard Model

Higgs sector & physics BSM — Outlook / plans:

Collider phenomenology

Signatures of BSM physics in future colliders
Further studies of the Higgs sector

Neutrino physics

Testable leptogenesis
Study of ultra-energetic neutrinos as probes of physics BSM

Flavour beyond Standard Model

Precision tests of SM through low-energy experiments (EFT)
Model building (leptoquark scenarios, compositeness, warped extra
dimensions)

Formal aspects

Formulating SM and its EFTs by means of on-shell amplitude methods
Field theory in extra dimensions (issue of localization)

q q q q q q q q
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qqq 4. Quantum chromodynamics & flavour physics

QCD & flavour physics — list of research topics:

QCD

Effective theories of QCD with applications (ChPT, NRQCD, HQET, SCET)

Lattice QCD

Tomography of hadrons and physics of spin [(n)PDF, GPD, TMD]

Perturbative QCD

Unitarisation/saturation of QCD at high energies

Modelling of QCD in soft regime

Flavour physics

Standard Model as effective theory and its generic extensions

Flavour physics phenomenology (LHC, Belle II, Bes III, NA62)

Development of tools for statistical analysis in particle physics phenomenology

Model building of flavour physics BSM

q q q q q q q q
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qqq 4. Quantum chromodynamics & flavour physics

Highlight: b-quark mass from lattice QCD and effects of
resummation

Determination of the b-quark mass

• HQET - QCD fully non-perturbative
matching using step scaling
• Renormalization at µ ≈ mZ matching
to MS perturbative

• mMS
b (mb) = 4.21(11) GeV

Effects of resummation of QCD logs at
large energies σ(pp → jj)

• Azimuthal distribution of jets most
forward and most backward in rapidity
(Navelet-Muller)
• First complete NLO resummationq q q q q q q q
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qqq 4. Quantum chromodynamics & flavour physics

Highlight: B-physics anomalies

Several measured observables in exclusive b → sµµ and b → cτν modes differ from
SM predictions. Most notably, Rexp

K (∗) < RSM
K (∗) and Rexp

D(∗) > RSM
D(∗)

RK (∗) =
B′(B → K (∗)µµ)

B′(B → K (∗)ee)
RD(∗) =

B(B → D(∗)τ ν̄)

B(B → D(∗)`ν̄) `∈(e,µ)
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EFT to constrain specific new physics
contributions

• CNP
9µ short distance ∝ µ̄γµµ

• CNP
10µ short distance ∝ µ̄γµγ5µ

EFT constraint on gS = 1/4gT
[R2 leptoquark scenario]

• gτS short distance ∝ τ̄RνL
• gτT short distance ∝ τ̄RσµννLq q q q q q q q
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qqq 4. Quantum chromodynamics & flavour physics

QCD & flavour physics — Outlook / plans:

• QCD

Tomography of hadrons and physics of spin [(n)PDF, GPD, TMD]
Model-independent approach to EM corrections in hadronic processes
Final-state interaction in B- and D-decays
Study of unstable hadrons by means of lattice QCD
Mathematical and automated tools for higher-order loop computations

• Flavour physics

Description and understanding of flavour physics anomalies
Flavour constraints on physics BSM
Careful assessment of hadronic uncertainties (lattice QCD and EFT/QCD)
Theory of flavour (model building)
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qqq 5. Nuclear physics

Nuclear physics — list of research topics:

Few-body physics: exact methods, multi-body interaction, universality.

Nuclear structure: many-body techniques, nuclear interaction, shell evolution,
clustering, superfluidity.

Nuclear reactions: ab-initio theories, microscopic transport theories, nuclear
reaction mechanisms.

Interdisciplinary research: fundamental symmetries in nuclei, nuclear
astrophysics, ultracold atoms, . . .
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qqq 5. Nuclear physics

Highlights in few-body physics and nuclear structure:

Universal aspects in few-body sys-
tems: correlation between α-particle
and triton binding energies (“Tjon
line”): the unitarity limit captures the
essential physics.

Extraction of the dipole response in
strongly correlated systems: calcula-
tion of the electric dipole polarizabil-
ity with an extended random phase
approximation (Subtracted SRPA).

q q q q q q q q
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qqq 5. Nuclear physics

Highlights in nuclear reactions:

Stochastic description of many-
body dynamics: phase-space
methods for dissipation and fluc-
tuations in nuclear fission.

Cluster formation through ampli-
fication of initial fluctuations in
nuclear matter at subsaturation
density.

Highlights in interdisciplinary research:

Nuclear astrophysics: Hypernuclear chart Cold atoms expansion

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

 0  200  400  600  800  1000  1200

as
pe

ct
 ra

tio
 σ

x/
σ

z

time   (µs)

hydrodyn. η
=0

ballistic

theory experiment
T/TF=0.8
T/TF=1.1
T/TF=1.5

  ∼E/EF=2.3
  ∼E/EF=3.3
  ∼E/EF=4.6q q q q q q q q

Theory group of LPT, IPN, IMNC, LAL 21 / 32



qqq 5. Nuclear physics

Nuclear physics — Outlook / plans:

Few-body physics:

• Pionless EFT with multi-body interaction, applications to hypernuclei.
• Ab-initio description of antinucleon-nucleus collisions.

Nuclear structure:

• From modern ab-initio methods to nuclear density functional theory.
• Development of novel approaches to describe complex correlations in

nuclei: extension of RPA, clustering and configuration mixing.

Nuclear reactions:

• Role of 3-nucleon force in ab-initio description of halo nuclei.
• Extensions of time-dependent mean field to describe quantum

interferences and fluctuations leading to cluster formation.

Interdisciplinary subjects:

• Constraints on the nuclear equation of state from gravitational wave
signals.

• Bridging between superfluid cold atoms and neutron stars.
• Nuclear physics tests of fundamental symmetries using EFT.q q q q q q q q
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qqq 6. Statistical physics

Statistical physics — list of research topics:

Equilibrium

Long-range interactions
• Bilayers with Coulomb interactions
• Melting of 2D crystals
• Coulomb fluids or plasmas on the hypersphere

Out-of-equilibrium
Fundamental questions

Thermodynamics of out-of-equilibrium systems: developped on simple models

• Small machines • Exclusion Processes
β

α

1 1

1 L

• Spin chains
Example of result: New class of fluctuation relations
for first passage times in renewal processes

Applications

Pedestrians Road trafic

Intracellular transport
→ see Health Physics

presentation q q q q q q q q
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qqq 6. Statistical physics

Highlight: Thermodynamics of out-of-equilibrium systems

Proposal of a new general frame

Non-linear conductances: relate
currents and forces (non-linear
version of Onsager relations)

allows in particular to study the compro-
mise between power and efficiency.

Example: a molecular motor
• chemical energy is transformed into mechanical energy
• thermal fluctuations play a role

Molecular
motor
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reaction Step
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qqq 6. Statistical physics

Statistical physics — Outlook / plans (a few highlights):

Long-range many-body systems

• New algorithm for molecular dynamics
simulations on the hypersphere

Ex: frequency dependent dielectric
constant of a polar fluid

Out-of-equilibrium

• New types of small machines:
− cyclic
− with phase transitions
− with emergent oscillations

• Search for self time-averaging regimes (' almost ergodic) in a non
ergodic model (variant of Game of Life)

Statistical physics and biology

• ions near biological membranes
• cellular automata as evolutionary systems

q q q q q q q q
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qqq 7. Interface physics - life sciences

Interface physics - life sciences — list of research topics:

Integrability of discrete dynamical systems

Statistical physics of out-of-equilibrium complex systems
(analytic + Monte-Carlo)

Theoretical modelling of brain tumours and populations
of cells (with PDE, agent-based models, . . . ) based on
clinical + in vitro data

Big data approach to brain tissue samples (109 pixels
per image)

q q q q q q q q
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qqq 7. Interface physics - life sciences

Highlight: brain tumour research

In vivo experiments with oligodendro-
cyte precursor cells

→ model of collective behaviour of
these cells (incl. proliferation and
density-dependent death)

→ discriminate between scenarios of
birth of brain tumours, namely acqui-
sition by cells of
(a) immortality,
(b) contact-inhibition-free

proliferation,
(c) higher proliferation rate.
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qqq 7. Interface physics - life sciences

Interface physics - life sciences — Outlook / plans:

Make models of collective cell behaviour more realistic,
including shape of cells and proliferation and exploring
effects of environment and crowding

Exploit spatial organisation of tumour tissue (big data!):
on 2D tissue images & on 3D samples

Industrial exploitation of big image analysis for tumour
diagnosis

Keep world-class expertise in integrability of discrete
dynamical systems

q q q q q q q q
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qqq THEORY: conclusions & outlook

Theory group — Strengths:

The theory group is very active and productive and has a very strong and
nationally and internationally recognized expertise in its research areas.

The theory group is multi-disciplinary, its members involved in a wide range of
fields of theoretical physics.

The teams have many local, national, and international collaborations, both in
theory and experiment, and belong to many European and bilateral networks.

The group has an excellent track record in training PhD students and
postdocs, and it has a strong involvement in teaching at various levels.
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qqq THEORY: conclusions & outlook

Theory group — Weaknesses:

The number of PhD students has dropped significantly over the past years.

In the LPT, the problem is the lack of PhD grants so that only a few of
the good and interested students can be accepted.
In the IPN, the lack of University professors limits the interaction with
students and the representation of its research topics in Univ. programs.

Some teams have a bad equilibrium of University and CNRS personnel.

It is becoming more and more difficult to obtain financial grants, leading to a
large reduction in the number of postdocs and making it harder to maintain
international collaborations. Made worse by continuous decrease of lab budgets.

Common projects among the permanent members of a team and between the
different teams are relatively rare.
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qqq THEORY: conclusions & outlook

Theory group — Opportunities:

Interesting prospects for scientific collaborations with neighbouring theoretical
and experimental groups, potentially enhanced through the fusion of the 5 labs.

The fusion of the 5 labs might open up additional funding possibilities for
theory, simply by being part of a larger structure with more financial resources
or through new collaborations with its experimental groups.

The fusion might open up access to more extensive computer services.

The infrastructure project would allow construction of a real theory centre,
increasing the visibility and attractiveness of theoretical physics in the Valley.

Major experimental/observational advances are expected in the coming years
in many of the fields that the members of the theory group are active in.
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qqq THEORY: conclusions & outlook

Theory group — Threats:

The theory group has shrunk significantly, making it difficult to continue
research at the same level as in the past. Prospects for future hirings remain
bleak and many more retirements will happen in the next years. The size of
certain teams might become sub-critical.

There is a risk to the visibility of the theory group due to the fusion into a
larger experimental lab. There is a risk to the involvement in teaching due to
the imminent retirement of several University professors. These could negatively
impact the ability to attract good students and postdocs.

A continuing lack of students, postdocs and of financial support will be very
damaging. The repetition of grant applications is quite time-consuming.

While increased involvement with the experiments in the new, predominantly
IN2P3, lab is welcome, the theory group must maintain its link with the INP, in
order to avoid any risks to its multi-disciplinarity.q q q q q q q q
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BACKUP SLIDES
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qqq Backup slides

All permanent staff of the theory group on 30 June 2018 (no emeritus researchers)

1. Mathematical physics (LPT 4)
Dario BENEDETTI (C)
Vincent RIVASSEAU (U)
Jean-Christophe WALLET (C)
Robin ZEGERS (U)

2. Cosmology & gravitation (LPT 4)
Eugeny BABICHEV (C)
Christos CHARMOUSIS (C)
Renaud PARENTANI (U)
Bartjan VAN TENT (U)

3. Higgs Sector & physics BSM (LPT 6)
Asmâa ABADA (U)
Abdelhak DJOUADI (C)
Ulrich ELLWANGER (U)
Adam FALKOWSKI (C)
Yann MAMBRINI (C)
Grégory MOREAU (U)

4. QCD & flavour physics (LPT 5 + IPN 4 + LAL 1)
Damir BECIREVIC (LPT, C)
Benôıt BLOSSIER (LPT, C)
Philippe BOUCAUD (LPT, C)
Sébastien DESCOTES-GENON (LPT, C)
Samuel WALLON (LPT, U)

Véronique BERNARD (IPN, C)
Samuel FRIOT (IPN, U)
Jean-Philippe LANSBERG (IPN, C)
Bachir MOUSSALLAM (IPN, C)

Emi KOU BOURHIS (LAL, C)

5. Nuclear physics (IPN 8)
Jaume CARBONELL (C)
Marcella GRASSO (C)
Guillaume HUPIN (C)
Elias KHAN (U)
Denis LACROIX (C)
Paolo NAPOLITANI (C)
Michael URBAN (C)
Ubirajara VAN KOLCK (C)

6. Statistical Physics (LPT 4)
Cécile APPERT-ROLLAND (C)
Françoise CORNU (C)
Martial MAZARS (U)
Gatien VERLEY (U)

7. Interface physics - life sciences (IMNC 3)
Mathilde BADOUAL (U)
Christophe DEROULERS (U)
Basile GRAMMATICOS (U)

U = University, C = CNRS
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